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BIOLOGY, EPIDEMIOLOGY, AND POTENTIAL RISK 
OF SOYBEAN RUST TO U.S. SOYBEAN PRODUCTION 
X.B. Yang, 
Associate Professor 
Plant Pathology Department 
Iowa State University 
Many soybean diseases native in Asia have been disseminated around the world following the 
introduction of soybean. Fortunately, soybean production in Africa and West Hemisphere, South 
and North America, had been free from soybean rust until last year. For unknown reasons, the 
disease was introduced into Africa in late 1990's and quickly spread throughout the continent in 
few years. In 2001-2002 growing season, the disease somehow bridged to South America. In 
2001 growing season, it was found in Paraguay and some major soybean production regions in 
Brazil. Within a season, the disease became a major production concern in Brazil. 
Occurrence of soybean rust in South America has raised concerns in the US as the disease has 
been considered a thread to soybean production. The disease is also a concern to some Iowa 
Soybean Producers. This article summarizes and discusses the biology, epidemiology and risk of 
this disease to US soybean production. 
Soybean rust causal agents 
Soybean rust is caused by a fungus called Phakopsora pachyrhizi. The disease is native in Asia 
and Australia. It causes periodical epidemics in some soybean regions in Asia countries. The 
disease is airborne and can quickly spread throughout a field and region, epidemics can be 
explosive when conditions are favorable in the region when susceptible varieties are grown. 
There are two species that can cause soybean rust, one native in South America and one from 
Asia. In 1970's, soybean rust was found in South America and was considered the same as Asian 
soybean rust that time. Bonde et al first suggested that isolates in S.A. are different from Asian 
isolates. Morphological and isozymes analysis provided evidence shows that the two rust causal 
agents are two species. The one native to South America is called Phakopsora meibomiae, 
different from P. packyrizhi. Soybean rust native to S.America is less aggressive than Asian 
soybean rust. 
Economic Importance of Soybean Rust 
Once the weather is favorable to the disease, epidemics occur in a large scale. In Asia, severe 
epidemics of this disease cause premature defoliation and yield losses up to 70% have been 
reported. In Asia, the disease is a production problem in many regions. With available 
literature, the disease is a production problem in northern Thailand with reported losses up to 
50%. In Australia, severe epidemics occurred in 1971 and 1979. Information from web-site 
suggests epidemics occurred every four years in that continent. In 1 apan no epidemics records 
found although numerous studies have been reported. The disease was first reported in 1 apan. In 
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India rust epidemics occurred in 1970's and then again in late 90's. China has the richest 
literature on this disease and has documented frequent endemics of this disease in southern Cruna 
with reported yield losses up to 50%. The disease can be found as far north as 50 N latitude and 
a pandemic occurred in 1975 in China. In West Hemisphere, the disease is new. In the 2001-
2002 growing season, severe epidemics occurred in some regions of Brazil with reported yield 
losses up to 50% in fields not sprayed with fungicide when compared with these sprayed with 
fungicides. 
Epidemiology of the disease 
The inoculum of this disease is available year round in tropic and sub-tropic regions. In some of 
these regions, soybean is grown year around, and inoculum is from previously planted soybeans. 
Soybean rust pathogen survives in winter grown soybean in a winter. In regions where soybean 
is not grown in winter, soybean rust fungus over-winters in no soybean hosts. The fungus can 
infect 40 genera and 90 species of plants. Some examples are: Cajanus, Dolichos, Glycine, 
Phaseolus, Pachyrhizus. Some host can be infected but produce no urediospores. In some hosts, 
spores produced in the hosts can't infect other hosts. 
The fungus survives in warm areas to over-winter, such as southern coast areas in the case of 
Chinese pandemic region. In southern China, soybean is grown in winter and spring. During a 
growing season, the pathogen is disseminated by northward seasonal wind. Severity of the 
disease in northern regions depends on how earlier the disease arrives in a region. 
When rust fungal spores land on it hosts, the spores of the fungus germinate in the temperature 
region of 8-36C with optimum 16-24C. It needs minimum 6-hour dew to complete germination. 
For infection to occur, temperature should be in 11-28C with optimum temperature in 19-24C. 
After infection, the fungus forms uredia, a structure to produce urediospores, in 6-7 days under 
22-27C. The Uredia can continue to produce spores for a period of 10-11 days and these spores 
are disseminated for new infections. 
In many areas of Asia, soybeans are plants in spring, summer, and fall. The disease epidemics 
occur in spring planting soybean and autumn planting soybean. The disease is not a problem in 
summer in southern China or South-eastern Asia because summer temperature in these regions is 
too hot for this disease. In southern China, severe epidemics occur in September and October · 
when temperature is under 25 C with accumulative participation more than 250 mm or over 27 
rain days for that period. 
Risk of soybean rust 
Among known soybean diseases, Asian soybean rust has been considered a major threat to U.S. 
production. A USDA risk assessment by a computer simulation shows that the environmental 
conditions in U.S. soybean production are suitable to the occurrence of this disease. The disease 
could cause yield losses up to 40% in southern U.S. production regions or more than 10% in 
other regions if sufficient soybean rust spores are disseminated from over-wintering region 
northward during a growing season. Based on another USDA study by their economists and 
pathologists, the disease could cause losses of 7.2 billion dollars ( 1984 figure) to US soybean 
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industry once introduced under a worst case scenario. Keep in mind that these assessments were 
made with assumptions because of lack of detail biological information that time. 
Studies have shown that soybean rust fungus can over-winter in southern states and there are 20 
species of soybean rust hosts in southern US. One piece of puzzle in the future risk or damage 
by the disease is how the fungus spreads from south northward during a growing season. It is 
known that wheat rust forms a pathway during a growing season moving northward from Mexico 
or southern Taxes where the pathogen over-winters. The earlier the spores arrive, the severe the 
epidemics could be. Beside wheat rust, there are other diseases move northward seasonally in 
U.S. agroecosystem. 
Prevention and management of soybean rust 
The disease has reached all regions where soybean is grown except for North America and 
Europe. Generally, the disease occurrence can be classified into following regions, the newly 
introduced areas, Africa and South America. In these areas, no resistant varieties are available. 
In Asia and Australia the disease is measurable and control measures are applied with resistance 
varieties and chemical control. In these regions, no immune resistance is available. Resistant 
varieties reduce rate of disease development. Use of chemical control, which delays onset of 
epidemic. Chemicals report effective in China, Thailand, and India, S.A: Tilt, Bayleton, Dithane 
M-45, Saprol, Daconil (see table). In region where the disease is severe, growers use fungicide 
spray (sometimes 
twice) to control the disease. 
Control of soybean rust with chemicals in china 
Chemicals 
Tilt/captafol 
Bayleton 
Tilt 
Daconil 
Check 
Disease 
Index 
16.67 
16.67 
16.67 
20.78 
93.33 
kg/Ac 
270.3 
268.1 
270.5 
258.7 
142.8 
For regions where the disease is not present, such as North America, there are several 
possibilities that the fungus could be introduced. One possibility is with infested soybean debris 
or dry soybean plants. Seed companies have been suggested to clear the seed when moving 
germplasm in breeding activities. However, other unidentified means may be equally important 
in disseminating the fungi. 
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The consensus among the scientists is that it is a matter of time for this disease to make it way to 
North America, like all other soybean pests that are not native in West Hemisphere. Since there 
is no resistance in U.S. germplasm in production, soybean here is vulnerable to the attack of this 
disease. Currently, United Soybean Board is funding a research project to manage the risk. In 
that project, US scientists are collaborated with scientists in S. America and Asia to search 
resistance genes from U.S. soybean lines and exotic germplasm. Research is also underway to 
evaluate fungicides from chemicals currently used in the U.S. soybean production. 
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